The mating-competent form of the fungal pathogen Candida albicans is not stable in vitro at the temperature found in its mammalian host where mating occurs. Recent evidence that high levels of CO 2 can stabilize the mating-competent state provides a solution to this puzzle.
Malcolm Whiteway
The fungal pathogen Candida albicans has recently been found to contain the genetic capacity to undergo mating. While this was initially surprising, given the length of time that the organism was comfortably classified as asexual, recent analysis of the population structure of C. albicans is compatible with this diploid organism undergoing at least a low level of genetic exchange [1] . An important insight that facilitated re-evaluation of the sex life of the pathogen was the observation from the genome project that the standard strain being sequenced contained a locus with similarity to MAT, the cell-type-determining locus of the well-studied model yeast Saccharomyces cerevisiae. The structure of the C. albicans locus, termed MTL (for mating type-like) showed that each homologous chromosome 5 contained a distinct allele of this locus i.e. MTLa or MTLa; this arrangement, on the basis of the S. cerevisiae model, would be expected to confer sterility [2] . Subsequent developments, including the creation of mating-type homozygous versions of the typically MTLa/MTLa heterozygous diploid organism [3, 4] , and the recognition that a previously identified and somewhat enigmatic epigenetic cell state termed 'opaque' was the mating-competent form of C. albicans [5] , have permitted C. albicans mating under laboratory conditions. Current standard laboratory routes to building mating-competent C. albicans strains involve the manipulation of strains to contain only MTLa or MTLa information, either by molecular ablation of one or the other allele by transformation with recombinant DNA, or by obtaining homozygosis of chromosome 5 through selection for growth on plates with sorbose as the sole carbon source [3, 4] . This latter strategy works because of the presence of dosage-sensitive sorbose utilization suppressors on the MTL-containing chromosome. After confirming the loss of the MTLa or MTLa information, the strains are spread at room temperature on plates containing the vital dye phloxin B to visualize the infrequent, brightly pink staining sectors that may represent the appearance of opaque state cells. The frequency of opaque cell formation can be increased by introducing extra copies of Wor1p, a transcription factor that is the master regulator of the switching process [6] . Identified opaque strains are then purified, carefully maintained because they frequently revert back to the white state (this reversion occurs quantitatively at mammalian body temperature), and finally mixed with similarly derived strains of the opposite mating type to allow the formation of tetraploid mating products. Thus, the formation of mating-competent strains of C. albicans, while conceptually straightforward, is a time-consuming and multifaceted process in the laboratory (Figure 1) . Intriguingly, these details associated with the creation of mating-competent strains of C. albicans in the laboratory raised significant questions with respect to the relevance of mating to the biology of the organism in the wild. If Candida cells used the strategies applied by Candida researchers to reach a mating-competent state, it was hard to anticipate the process actually ever taking place. Both mating-type homozygosis and switching to the opaque state are relatively rare events; the generation of opaque cells of opposite mating types in relatively close physical proximity would be 'rare squared'. When you add in the inability of the opaque state to be maintained at 37 C, the temperature of the mammalian host of the pathogen, C. albicans appears to have chosen a mating system perversely incompatible with the fundamental characteristics of its natural state.
Yet the complex systems for the production and response to cell-specific pheromones are intact, population structures give evidence for genetic exchange, and recombinant tetraploid strains can be detected in hosts infected with genetically marked diploids, so the mating machinery is clearly active.
One obvious solution to this conundrum is that C. albicans cells use routes to mating competence that are distinct from those currently chosen by Candida researchers. Recent work from the Soll lab, published in a recent issue of Current Biology [7] , sheds important light on the key problem of the instability of the mating-competent opaque state at 37 C. Following up on an old observation the lab had made about enhanced opaque formation in parafilm-wrapped plates, they were able to show that CO 2 , provided in concentrations from 5 to 20%, was able to dramatically induce and stabilize opaque cell formation even at elevated temperatures. Because levels of CO 2 are found to be high in the niches colonized by C. albicans in the host, this observation provides a tidy solution to the biological paradox of mating occurring at temperatures apparently incompatible with the mating-competent state (Figure 1 ). This observation also has practical applications for Candida labs; studies on mating should be facilitated by a CO 2 incubator. Previous strategies of stabilizing the opaque state by anaerobic conditions [8, 9] were not so easy to apply to routine strain culture, and the recent work suggests that it is the presence of CO 2 rather than the absence of O 2 that ultimately provides stabilization of proliferating opaque cells [7] .
So how does the presence of CO 2 serve to stabilize the epigenetic state compatible with mating? Not surprisingly, CO 2 -mediated switching involves Wor1p, the central transcription regulator controlling the opaque state, as well as the DNA-binding protein Czf1p, and thus apparently requires the standard opaque-state regulatory circuit [7] . More interestingly, adenylyl cyclase and Ras1p may have an involvement in the process. Previous work [10] had implicated CO 2 in the regulation of hyphal development in C. albicans and had provided evidence that the CO 2 signal was directly sensed by adenylyl cyclase. The characteristics of the opaque connection to CO 2 were similar; adenylyl cyclase and Ras1 were important for the efficient production of the opaque state at low CO 2 concentrations but were not required at CO 2 concentrations above 5%. What this means at a mechanistic level is currently unclear, and thus establishing the 'target' of CO 2 will be an important next step.
Clearly, this answer to the opaque-cell stability question only serves to eliminate one of the problems inherent in defining mating as a relevant component of the natural biology of C. albicans (Figure 1) . Homozygosis of MTL is a requirement for entering the opaque state, since expression of both MTLa and MTLa information represses expression of the WOR1 gene encoding the opaque-state master regulator. Yet events that generate loss of heterozygosity (LOH), such as chromosome loss or mitotic recombination, are typically infrequent. Perhaps regulatory processes, rather than structural loss of MTLa or MTLa information, can provide a solution, as evidence has been presented that environmental conditions, such as the presence of hemoglobin, can influence expression of the MTL locus [11] . And beyond the mechanistic details of being able to mate, just how do you go about finding a suitable partner? Human colonization by C. albicans is most likely initiated at birth, and populations of the pathogen are predominantly but not exclusively clonal within the human host [12] . So why even bother going through the complication of mating if your most likely partner is your clone? Finally, if mating is occurring in nature, where are the tetraploids? Laboratory manipulation of C. albicans mating products has identified a chromosome loss process that reduces tetraploids to diploid or near-diploid status [13] , but it remains to be seen if that is the To be able to mate, C. albicans must enter the opaque cell state, shown in red. This process involves first becoming homozygous for MTLa or MTLa information. In the lab this requires selection or genetic engineering; in the mammalian host this may involve various routes to loss of heterozygosity (about 3% of clinical strains are MTL homozygotes) or regulated suppression of one or the other MTL allele. The second step is to activate the Wor1p-mediated epigenetic feed-forward loop. This process was inefficient in the lab, but Huang et al. [7] established that 5% or higher CO 2 concentrations enhance and stabilize the process. It is also likely that high CO 2 levels in the host support the opaque state, which is not otherwise stable at body temperature. Mating-competent diploids conjugate to form tetraploids: in the lab, this typically occurs on plates, but in the host it was previously proposed that the lower temperature of the skin could be permissive of the opaque state. However, Huang et al. [7] have now suggested that the candidate niches are regions high in CO 2 . Tetraploid cells can be induced to return to the diploid state through chromosome loss, defining the mating process in the lab as part of a parasexual cycle. This form of ploidy reduction could also occur in the mammalian host, although conditions permitting a true meiosis may yet be identified.
natural route of ploidy reduction after mating in a host. And if it is, why stop at diploidy? Thus, sorting out the link between the laboratory-generated mating and the process occurring in the mammalian host promises to continue to provide interesting insights into the biology of this important human pathogen.
Recent work with dyslexic subjects provides the first empirical evidence linking changes in the brain networks subserving phonological processing to deficits in the matching of speech sounds to their appropriate visual representations.
Mark T. Wallace
Although most children rapidly develop a strong facility to read the printed and written word, a surprisingly large number fail to acquire good reading skills, even after intensive instruction. When these reading difficulties are seen in the presence of normal or above-normal intelligence, and when there are measurable deficits in phonological processing -the ability to store, retrieve and manipulate speech sounds -the child (or adult) is typically diagnosed with dyslexia, a term first coined in the late 19 th century. The most common form of dyslexia is seen in a developmental context as children fail to meet certain benchmark measures of 'normal' reading ability. Although there appear to be cultural and orthography-related differences in its prevalence, some estimates suggest that the incidence of developmental dyslexia may be as high as 10% in the general population [1] . Not surprisingly given this high prevalence, the monetary and societal impacts of reading disabilities are staggering. The work by Blau et al. [2] reported in this issue of Current Biology provides important new insights into the neural bases of developmental dyslexia, by showing changes in brain activation patterns in dyslexic readers that are associated with the matching of speech sounds with their appropriate visual representations (letters). Such letter-speech matching must be both rapid and accurate for the emergence of fluent reading abilities. Although its diagnosis is still considered to be controversial in some domains, there is a growing consensus that dyslexia has a neurobiological basis, with strong evidence that there is a genetic component to the disability [3] . Numerous theories abound as to the physiological processes and neural systems that are affected in dyslexia, with several of the more prominent models focusing on alterations in rapid auditory processing [4] [5] [6] , disturbances in the magnocellular visual pathway [7, 8] , and cerebellar dysfunction [9] . As alluded to above, however, the best-established changes (and model) are centered on deficits in phonological encoding and decoding and the networks that support these processes [10] [11] [12] [13] . But despite the presence of a strong linkage between disrupted phonological abilities and poor reading skills in dyslexia, there has remained a fundamental gap in our understanding of how problems in encoding speech sounds ultimately translate into reading difficulties. A key step in this process must be the rapid and accurate matching of the component speech sounds (phonemes) with their appropriate written representations (graphemes). Despite the intuitive nature of this multisensory transformation process, there is little empirical evidence that relates across these domains and specifically bridges speech processing and reading.
Advances in non-invasive neuroimaging methods, particularly functional magnetic resonance imaging (fMRI), have made this problem more tractable by allowing a view into the neural correlates of reading and phonological processes [1, [14] [15] [16] [17] . With fMRI, changes in the blood oxygenation level dependent (BOLD) signal, an indirect measure of neural activity, can be measured while the participant is presented with certain stimuli and/or engaged in a specific task. Differences in the BOLD signal can then be compared between two
